Introduction
Chronic obstructive pulmonary disease (COPD) and obesity are major causes of morbidity and mortality worldwide and, according to current estimates, the global burden of these conditions is set to increase even further [1] . A potential link between obesity and COPD is also increasingly recognised [2] , although very little is known about the mechanisms underlying this association. The risk of developing obesity is increased in patients with COPD as a result of a reduced level of physical activities in daily life in these patients compared with healthy agematched controls [3] . In addition, patients with COPD who receive repeated courses of systemic glucocorticosteroids could be at an increased risk of truncal obesity as a result of glucocorticoid mediated redistribution of stored energy and the stimulatory effect on intake [4] .
While classification of obesity is based on one's body mass index (BMI), an index of weight to height ratio, as defined by the World Health Organization [5] , spirometry is required for diagnosis and used for the graduation of COPD severity, according to the Global initiative for chronic Obstructive Lung Disease (GOLD) guidelines [6] .
Obesity, which is defined as BMI of at least 30 kg/m 2 , is considered as severe (or morbid) when BMI is 40 kg/m 2 [7] . It was found an inverse relationship between BMI and lung volumes assessed by spirometry [8, 9] , with changes in lung function better demonstrated when BMI results greater than 45 kg/m 2 [10] .
Current recommendations for COPD, which is defined as airflow obstruction that is not fully reversible, are that the severity of airflow obstruction should be based on the percentage predicted of the measured forced expiratory volume in the first second (FEV 1 %pred) [11, 6] .
To date no recommendations from the guidelines exist for the grading of obstruction in the presence of an additional restriction. Using forced expiratory volume in the first second (FEV 1 ) to gauge the degree of obstruction in mixed pulmonary disorders would be expected to overestimate the degree of obstruction as FEV 1 is reduced from both the obstructive and the restrictive com- ponents of the underlying disease [12] . Obesity could cause a restrictive ventilatory defect, since lung volumes decrease as body mass index (BMI) increases [8, 9] . To address the grading obstruction in the presence of concurrent pure extrapulmonary restrictive process, we embarked on a restrospective analysis of spirometries in patients affected by COPD of normal weight and morbid obesity.
Materials and Methods
Each patient referred to the Pulmonary Rehabilitation department at Villa Esperia Hospital (Salice T., Pavia, Italy) and depending on their respiratory diagnosis or symptoms, clinical history, spirometry, exercise capacity, dyspnoea and nutritional status were thoroughly assessed.
Smoking habits, respiratory history and symptoms were collected during an assisted interview.
Spirometry was performed by using a computerized pneumotachograph (MasterScreen Pneumo, Jager, Germany). The test procedures were performed by experienced and specially trained technicians, following the ATS recommendations [13] , with each patient placed in a relaxed upright sitting position and provided with a nose-clip. Short acting and long acting bronchodilator medications were withheld six and twelve hours prior to testing, respectively. Vital capacity, defined as the difference between total lung capacity (TLC) and residual volume (RV), was measured as both a slow (slow vital capacity, SVC) and a forced (forced vital capacity, FVC) maximal expiration from TLC to RV. In patients showing airflow obstruction according to the current guidelines (i.e., FEV 1 /FVC less than 70%), we assessed a reversibility test, performing on the same day a second spirometry approx. 15 minutes after the inhalation of four puffs of salbutamol, each containing 100 mcg (total dose administered was 400 mcg), using a spacer mouthpiece. For analysis, we used only post-bronchodilator lung function values, in order to exclude from the study the patients showing fully reversible airflow obstruction (i.e., without any airflow obstruction after bronchodilator).
Exercise capacity was measured during a sixminute walking test, consistent with the ATS protocol [14] . The six-minute walk distance (6MWD) was measured considering the best out of two walk tests separated by > 60 min [14, 15] . The 6MWD was expressed in absolute values and as a percentage of predicted using published reference values [16] .
Perception of dyspnoea was evaluated by the Modified Medical Research Council (MMRC) dyspnoea scale. The MMRC is a 0-4 point category scale which selects the best expression to define the dyspnoea levels among five expressions related to dyspnoea (grade 0 meaning breathlessness only with strenuous exercise, and grade 4 representing the most severe category, indicating that the patient is too breathless to leave the house or becomes breathless when dressing or undressing) [17] .
Nutritional status was assessed by body mass index (BMI), that was computed as the ratio of body weight in kilograms to height in meters squared; height and weight were measured in a standing position without shoes, with patients wearing only light clothing [5] .
In each patient included in the study, we also calculated the BODE index, a 11-point composite score (0 through 10) system that incorporates an assessment of airflow obstruction as FEV 1 %pred, 6MWD in metres, MMRC, and BMI: higher scores indicate poorer outcomes [18] .
For inclusion in the study, patients had to satisfy all of the following criteria: over 45 yrs of age, current or ex-smoker for 10 pack-yrs, FEV 1 /FVC post-bronchodilator < 70%, BMI > 21 kg/m 2 , with both dyspnoea and chronic productive cough, absence of diagnosis relating to any type of lung disease other than COPD. Patients were clinically stable for at least 6 weeks and were receiving optimal medical therapy according to the current guidelines. Exclusion criteria were: uncontrolled cardiovascular diseases, BMI 25 to 39.9 kg/m 2 , and inability to perform the lung function and 6-min walk tests.
Our data were collected while both authors worked at Villa Esperia Hospital in Salice Terme (Pavia, Italy): the study period amounted to 28 months (January 1 2008 to April 30 2010).
All patients gave written informed consent to treatment of all data collected during their hospital stay.
Data are presented as mean ± SD (unless otherwise stated), and were analysed by two-sample independent t tests. Differences were regarded as significant with p values < 0.05.
Results
Analysis was performed on a group of 33 subjects (age range = 48-87 years, male/female ratio = 1/0.9, BMI range = 21.1-61.6 kg/m 2 , FEV 1 %pred range = 19-93%pred), smokers or ex-smokers, both with dyspnoea and with chronic productive cough, showing FEV 1 /FVC ratio of < 70%, with normal weight or morbid obesity.
Anthropometric and spirometric characteristics of the analysed patients are showed in table 1.
Both absolute values and percent of predicted of FEV 1 (figure 1), FVC and SVC did not differ significantly in the two groups. On the contrary, patients without obesity showed significantly lower mean values of both fixed FEV 1 /FVC ratios and FEV 1 /SVC % of predicted. Furthermore, SVC was found to exceed FVC in patients with normalweight (2.82±0.7 L and 2.08±0.9 L, respectively; p = 0.03), but not in patients with morbid-obesity (2.61±0.9 L and 2.16±0.8 L, respectively; p = 0.15), as figure 2 shows.
Normal-weight COPD patients showed significantly higher dyspnoea (assessed with MMRC) than morbid-obese COPD patients: 3.4±0.9 vs 2.4±1, respectively (p = 0.004), as figure 3 shows.
Normal-weight COPD patients showed significantly lower exercise performance (assessed by 6MWD) than morbid-obese COPD patients, expressed both in absolute values (226±100 metres structive component alone on the basis of FEV 1 would be expected to over-estimate the degree of obstruction because the reduction in FEV 1 would reflect the combined effects of both the obstructive and the restrictive components [12] .
A restrictive ventilatory defect could be caused by obesity [8, 9] . In fact, an obese individual's accumulation of fat around the ribs, the diaphragm and the abdomen causes a decrease in chest wall compliance. The reduction in chest wall compliance is the primary reason for a decrease in expiratory reserve volume (ERV) and, consequently, in vital capacity (VC) observed in morbid obesity without any changes in residual volume (RV) due to lung parenchimal disease [22] .
Normative predictive equations for spirometric measurements, plethysmographic lung volumes and TLCO are generally not corrected for weight. This could have implications for the clinical interpretation of pulmonary function tests in the obese [1] .
We also found that normalweight and morbid-obese COPD patients did not differ in mean values of FEV 1 %pred, whereas patients without obesity showed lower mean values in both fixed FEV 1 /FVC ratios and FEV 1 /SVC % of predicted. In order to address the issue of grading obstruction in the presence of restriction, Balfe and colleagues [23] analyzed 147 patient pulmonary function tests with both restriction and obstruction, Table 1 . -Demographic and lung function characteristics of the study patients vs 331±110 metres, respectively p = 0.007) and as % of predicted (49.1±22%pred vs 81.5±23%pred, respectively p = 0.0003), as figures 4 shows.
The BODE index was found to be significantly lower (i.e., better) in morbid-obese than in normal-weight cases, as figure 5 shows: 3.6±2 and 5.8±2, respectively (p = 0.003).
Discussion
Our study on patients with COPD shows that functional capacity, for the same grading of airflow obstruction, is better in the presence of a restrictive ventilatory defect due to morbid obesity.
Overgrading airflow obstruction
Using the FEV 1 %pred is recommended by means of the ATS/ERS guidelines to grade the severity of lung disease in the presence of obstruction and/or restriction [11] and by the GOLD guidelines to grade the severity of airflow obstruction in COPD patients without any recommendations in the presence of an additional restriction [6] . FEV 1 is a strong and independent predictor of health status and has been found to be an independent predictor of both all-cause and respiratory mortality [19] [20] [21] . However, in the presence of mixed disorders, assessing the severity of the ob- without specifying the subtended lung diseases. They determined the grading of airway obstruction by comparing the ATS recommendations (based on FEV 1 %pred) with the Intermountain Thoracic Society (ITS) recommendations (based on the FEV 1 /FVC ratio) [24] . The authors found that patients categorized as having severe or very severe obstruction were 90% using the ATS grading criteria (i.e., FEV 1 < 50%pred), and 3% using the ITS grading system (i.e., FEV 1 /FVC < 4 CIs). In order to correct the complete reversal in the distribution of severity grades, which perhaps underestimated the true degree of obstruction, Balfe and colleagues recommended using the ITS grading in these patients but with modified CIs so as to normalize severity grade distribution: by using the proposed system, patients with mixed dysfunction resulted in 38% of cases as having severe obstruction (i.e., FEV 1 /FVC < 2 CIs), therefore leading to a more balanced severity difference distribution [23] .
More recently, Gardner and colleagues [25] studied 199 patients with mixed dysfunction, affected by a variety of obstructive, interstitial and extrapulmonary lung diseases. They found that adjusting the FEV 1 for the degree of restriction results in a more appropriate distribution of the severity of obstruction: patients categorized as having severe or very severe obstruction amounted to 76% with the ATS grading (i.e., FEV 1 %pred), and 33% with the adjusted data (by dividing FEV 1 %pred by TLC % of predicted). In support of this, the authors demonstrate that the adjusted FEV 1 %pred correlates better than the unadjusted value with the RV/TLC ratio, another index of airflow obstruction, suggesting that the adjusted value more accurately reflects the degree of obstruction [25] . Furthermore, we found that both SVC and FVC, as well as FEV 1 , did not differ between normalweight and morbid-obese COPD patients, both in terms of absolute values and as % of predicted. However, SVC was found to exceed FVC in patients with normal-weight, but not in patients with morbid-obesity. We believe that this finding is consistent with a recent paper by O'Donnell and colleagues stated that, with increasing BMI, subjects with airway obstruction (greatly in patients with the most severe airway obstruction) had consistent reductions in lung hyperinflation [26] . Indeed, the pathological hallmark of COPD are inflammation of the small airways (bronchilolitis) and destruction of lung parenchyma (emphysema). Bronchiolitis narrows and obliterates the airways lumen and actively constricts the airways; emphysema reduces the elastic recoil of the lung and the elastic load applied to the small airways [27] . The functional consequence of both these abnormalities is the non-fully reversible airflow obstruction characteristic of COPD. In such patients with small-airway collapse, FVC can be lower than SVC. Vital capacity reflects parenchimal properties in normal individuals [28, 29] , but also airway properties in obstructed patients [30, 29] . It was hypothesized that an increase in airflow may increase viscous pressure losses within narrowed peripheral airways, thus causing the transmural pressure to be less and airway closure to occur at somewhat higher lung volumes: the greater the bronchoconstriction, the lower the vital capacity after forced expiration [31] .
Inability in patients with both COPD and obesity: Dyspnoea and Walk distance
Both COPD and obesity are independently linked to dyspnoea on exertion and poor function- ty. Casanova and colleagues determined the 6MWD in 294 patients with COPD: its median value at baseline was 380 m, and its annual rate of decline was 19% (16 m/yr) over 5 yrs [42] . Zutler and colleagues determined 6MWD in 369 adults without established COPD: the mean 6MWD was 522±90 m, and in multiple linear regression analysis, adjusting for age and sex, the presence of obesity was associated with a 67±9 m decrement in 6MWD (p < 0.001) [43] .
In the present study, we found that normal-weight COPD patients showed higher dyspnoea (assessed with MMRC) and lower exercise performance (assessed by 6MWD) than morbid-obese COPD patients, for the same grading of airflow obstruction. Evidently, in normalweight patients the cause of breathlessness and functional exercise capacity are the abnormalities of dynamic ventilatory mechanics and ventilatory demand that characterise COPD, whereas in morbid obese patients there appeared to be an overgrading of the respiratory disease.
In each of our patients, we also assessed their BODE index, a multidimensional grading system, which proved to be better than FEV 1 in predicting the risk of hospitalization [44] and death [18] among patients with COPD. This multistage scoring system incorporates an assessment of symptoms (i.e., MMRC), nutritional state (i.e., BMI), and exercise capacity (i.e., 6MWD) together with spirometric measure of airflow (i.e., FEV 1 %pred) [18] . We excluded from our study the COPD pa- al capacity. The main symptoms of COPD are dyspnoea and limitation of physical activity, resulting in a complex integrated manner by several independent negative effects of dynamic hyperinflation (DH). Furthermore, DH leads to an increase in elastic and threshold loads on the inspiratory muscles (thus increasing the oxygen cost of breathing), maximal shortening the muscle fibers in the diaphragm and other inspiratory muscles (causing functional inspiratory muscle weakness), increasing the physiological dead space (leading to CO 2 retention and arterial oxygen desaturation during exercise), and adversely affecting dynamic cardiac function [32] . On the other hand, obesity increases the work of breathing due to a reduction in chest wall compliance (attributed to the mechanical effects of fat on the chest wall) [33, 34] and a weakness of respiratory muscles (attributed to reduced chest wall compliance and/or lower operating lung volumes) [35, 34] . Furthermore, obese individuals have a higher metabolic demand at any given power output (as a result of the high oxygen cost of lifting heavy limbs) [36] [37] [38] and may have expiratory flow limitation at rest which, when compounded by high ventilatory requirements, leads to significant air trapping and dynamic increase in end-expiratory lung volume during exercise [36] [37] [38] .
The 6-min walking distance (6MWD) test has gained importance in the assessment of functional exercise capacity in several kinds of diseases, including COPD [18, 39] and obesity [40, 41] .
This test evaluates the global and integrated responses of the pulmonary, cardiovascular and muscular component and also reflects the functional exercise level for daily physical activities [14] . 6MWD was found to reduce both COPD and obesi- tients with BMI 21 kg/m 2 , as low BMI is associated with increased all-cause and COPD-related mortality unrelated to disease severity [45] , and this inverse relation between BMI and survival is not linear but has an inflection point, which is just 21 kg/m 2 [18, 45] . Regarding BODE index (ranging from 0 to 10 points) the patient receives points ranging from 0 to 3 for all variables but BMI, for which the value is either 0 or 1, because of the unique relation between BMI and survival described above [18] . Using such knowledge, we found that the BODE index was significantly lower (i.e., better) in the morbid-obese than in normalweight cases, in confirmation that dyspnoea and exercise limitation are lower in COPD patients with a likely overgraded airflow obstruction.
In conclusion, our results show that there is a significant overgrading of obstruction in morbid obese patients affected by COPD. Therefore, we suggest that an alternative grading system be used in patients with mixed ventilatory dysfunction such as obesity. We believe that any substantial downgrading of the severity of obstruction in morbid obese patients with COPD is clinically significant as such a change would inevitably lead to different treatment recommendations. Medications used to treat more severe obstructive lung diseases are expensive and can expose patients to unwanted or adverse side effects. If we are able to better diagnose the severity of obstruction, we could ultimately avoid using medications that are not suitable and incurring the costs and risks associated with their use [25] .
